The physical model of a tracked tank cleaning robot that works on the sludge ground is set up, which provides a theoretical basis for optimizing the chassis design of the tank cleaning robot. In the modelling process, the sludge resistance of the track and the ground friction are taken into account, and the slip speed is introduced, and the steering torque during the course of the track is obtained. Finally, according to the design of the tracked robot and the related parameters of its working environment, the optimal design is used to obtain the optimum track width, grounding contact length, and the distance between two tracks. Theoretical analysis and simulation proves that the steering mechanics model is correct and effective.
Introduction
The tank cleaning robot is mainly composed of a moving mechanism and a driving system, as shown in Figure 1 . The tracked walking mechanism is used, because it has the advantages of simple structure, strong ground adaptability, and easy control [1] . In the past, the design of tracked robot walking mechanism mainly focused on its structural design, and whether the strength and stiffness of its structure could meet the design requirements, less attention was paid to the research on the mechanical properties of tracked ground [2] . The track's mechanical properties often affect the robot's energy consumption, mobility, and even smooth walking [3] . In general, the ground contact length, width, and distance between the tracks are the main parameters that constitute the mechanics of the track surface. It can also be known that in the case of a fixed track ground length, there is an optimum track width so that the ratio of the minimum track resistance ground contact length to the flexibility of the turn. Therefore, the track and sludge mechanics has important significance for the design of tracked walking mechanism. Tracks on the sludge ground to turn to overcome friction in addition to overcome the track to push sludge resistance. At present, the analysis of the mechanical model of track walking steering is not comprehensive, only the solution of the friction between the track and the ground under the hard road conditions is analyzed, or only the solution of the bulldozing resistance under soft road conditions is considered, there is no general mathematical model [4] . The purpose of this paper is to create a mathematical model of the track robot's steering on the sludge ground, and this model is applied to the tank cleaning robot design.
Turning analysis

Physical model of robot
When the tracked tank cleaning robot walks on the sludge of the tank, it only needs to overcome the friction between the track and the sludge. In the steering, the track slides relatively to the sludge ground, mainly to overcome the friction between the track and the sludge pushing resistance, and the physical models when it is steering situation are shown in Figure 2 . The turning radius o R and angular velocity o ω are solved by Equation (1).
Where, B is the center distance of two tracks, and 1 a v and 2 a v are speeds of two tracks respectively. However, in the actual process, since there are slips between the tracks and lateral offsets occur at the same time [5] [6], the turning process is not an ideal situation as shown in Figure2. In order to make the model closer to the reality, the derived mathematical model is more general, and the physical model of the tracked turning is modified. In order to improve the model compliance, the slip speeds are introduced. In order to simplify the calculation, the slip speeds on both sides of the tracks are given as δ.
The horizontal displacement generated by the instantaneous center of velocity of the tracked ground is defined as i A , and the longitudinal displacement is i D , (i=1, 2, i=1 for inner side, i=2 for outer side). 
Calculation of frictional resistance between track and sludge
With a caterpillar as the object of analysis, the instantaneous center velocity of the track is used as the origin, and the coordinate system are shown in Figure 4 . Take a microelement dxdy of the track ground, and there is trace friction 
From Equation (4), it can see that the change in the steering resistance M (around the track velocity instant center O) of the track are:
Track side sludge resistance calculation
If the quality of the sludge on the side is neglected, the force on the side of the track is shown in Figure5. Where Q is the reaction force of the lower sludge on the wedge sludge, / sin C ZC φ is the friction angle of the wall, θ is the angle of the failure surface, and ϕ is the inner friction angle of the oil sludge. According to the relationship between the amount of load sinking [7] , Equation (6) 
Where z is the amount of subsidence, c k , k ϕ are the cohesive and frictional deformation modulus of sludge, and n is the deformation index. The pushing sludge resistance B R of any unit length on both sides of the track can be obtained from the force balance. 
Where s γ is the sludge bulk density. Since Ti M is only a function of θ , the minimum value of Ti M corresponds to a certain value of θ , at this value of θ , the sludge ground is destroyed, so the steering resistance torque generated by the lateral pushing sludge resistance is ( ) 
